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The present invention relates to a distributee computer 
exclusively, to a multimedia distributed cb,ect-based -onf-^nce s « ^ part,cularl y but not 

The ob,ect-based aoDroach to system development ■ « berom.nn 
program ; he system ,n terms of software ob, e cts each ^ basic idea , s to 

? the d5ta . ob.ects intercommunicate by means of me ., aoe , A " ta ana methoas !or operating on 

metnods ,n tn, s way is that the resulting system , s reiaovVj e- S v rn aC,Vanta5e ,n encapsulating data and 
NewWave Man (produced and sold by Hewlett-Packard, whVH a ° T™" A " 6xamp ' e < s 

.ions program ,n which messages anc message comport, Vh " ?' * C '-° ased ^tronic man applica- 
as ooiects. * u - uch as text, distribution lists, etc. are treated 

An ob,ect can be regarded as a discrete entity wn lC h r an .nd,vdu-„ k 
An ob,ect ,s ■n.t.a.iy some data £!ored on disc ^ m *VT ? * C ° P ' ed deS,r °' ed - e * 

oass a message to it. one or more processes w.il be m.natPd W h,rhT^ K manaSement so '^ to 
an ob,ect -s fully defined by its oata and has n 0 proc e «« IT * ^ 35 part °' '"'"action. If 
oc f ect has one or more processes associated w,,n7anT* w " ' s sa '<> <° 'inactive ' „ an 

•5 processes and data then ,t , s said to be 'active* by ,he s,ate °' that Process or 

A d.stnbuted ob,ect based system , s one ,n whM . n _ . 

network ano messages between ob.ects of the -y.tem'.an hTtl , rksta,,ons are interconnected over a 
may also be <ransm,ss,b<e over the network A ne^a* It ! ne,W ° fk ° 0,eCtS Selves 

workstations or a central computer connected -o several ^mL^T"! S9V6ra ' ,n,erconn ec.ed intelligent 
•0 server machines w„h .ntel.igent workstations . *„n££ o ZT '^ aU °^ " ^ -terconnected 
The term •workstation" , s tended to be apphr'apiP , 0 a „ r . 1*7 ° r 3 mix,ure of thes * Poss.b.lities. 

m a dis.nouted object based system there are h-„l, Possibilities. 
Parts so as to enable more than J^T^tZ^r" 9 T** ™ p — — 

the context of a distributed conferencing system a ZeboaTd h T ° 3 0b,9C, ■ Fpr e > amp '« 

5 -he state of the object and a presentation part Z LCn^lTJ^ ^ 3 Seman " c pa " ««n.ng 

user and for eoab.mg. rn e user to make ,npu, Se^lZ ZT'.T °' * i8CI to 06 d ' Sp,a V ed * a 

Parts may be distributed around user machines on a wZ* oZ<Z T Mt »™»«V- «emanoc ob,ect 

According , 0 the prese n t ,nven„ 0 n we provide an 17 . h T* * WOrkS,atl0ns - 
a network of workstations and means tor* sml ^ [^^'^ computer system com P r, s ,ng 
.nciudmg a f,r St ob.ect type for storing data and r ecord ob iar T ° f WOrkS,a,,ons ch»«tena.d by ob.ects 
ob,ects of the second type reference an asscx ated ob^t ' 1 ' • PfeSen, ' n9 datt '° 3 USer 
workstations to access data of the ob,ect oHhe ^tToe r l ° en3b ' e 3 P ' ura, "V °' ^ « 

the second type between workstations thereby t« I eate a ^l 0 ''*'"' 3 me3nS '° r transm '«'"9 an ob,ect of 
. f/Pe for each workstation receiving a „ ob|ect 0 , the t^o 'ol '° aSS0C,a,ed ob '^' °' «he first 

The present invention provides an effert.ve wa-7o» .„,m , 

'or me .nee,*, 0C , K , 0 , me ,„ s , , >M Mns^itM oo.ecs ol me second ,yp. ,ncwe „ ,„ „ 

The s»slem accorang u Ihe present ,n«en«on b8 ,„ „ a ,„ , 
means enaMn, „ se , s „ ,„„ » or » sla , ions ° ^ a con.erenang sys „ m com0 „ s ,„ 9 

00,ect ol me secona „ D e Between -or.stat.ons Zeb?, "f' , """" com o™'"5 tran sm i,t,„ g an 
conference sy s,en,, 0 ,, acil ,f a , mg ^;, buled '"•«»«»< M ,an,a 9 eo usly aMa „ „ ^ 

• r ^~r^i,rsri^ - - * — * o, „,,„ 

; ; s h»^7r: °' a °'r u,ea t em acc °' 3 "" » »■ 
3 !B o» s a .o,cr a 'n^7rnro: — - « 
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windows. 

A possible video network is shown m Figure 5 The vnieo network is based on a central video switch 54 
connected using a star topology to client wn f k$:ancns C Video signals are modulated on to VHF earner* 
ana transmitted over standard analogue cabling 56. The video switcn 54 ts a conventional cable television 
i switch. Several sucn switches can oe cascaced in a bar arrangement for large systems. 

For long distance video communications, a device 58 for -rorncressing and decompressing vioeo 
signals fa "cooec") may be used and the signals are transmitted using ISDN teiepncne lines. 

The architecture of ;he object-based system 10 win now be described. 

With reference to Figure 6. the structure of one user's oortion of the system is represented The 
■ o functions of rhe ooiects are as follows: 

a Venue object (V) ,s an electronic meeting place allowing control over media channels and providing a 
location for stonng shared objects. A user may have several Venue objects: 

a Phone Boom object (PB) controls the creation of Venue objects and oversees the setting uo. 
maintenance and closing down of conferences. The PB comprises a processor for handling .ncom.ng and 
-s outgoing calls: 

a Connection Manager object fCM> controls driver components <D- ... D n ) which handle media 
connections for the system 10: 

a Directory object (0) which provides a list of potential meeting participants. 

Object X represents another system object for performing a specific meeting-related function, eg. a 
20 whiteboard function. 

Figure 6 is a conceptual representation of the System 10 and the arrows represent mter-object 
communication. In the emoodiment being described, the system comprises client workstations C and 
servers S ana most of the objects referred to m Ftgure 6 are functionally-split into a server component and 
one or more client components as indicated in Figure 7 
2s The server objects handle the centralized and distribution * oriented aspects whereas the client objects 
handle the presentation aspects. Hence shared applications can be written with one server object connected 
to a plurality of client objects on different client workstations 

tn F.gure 7. PB-s means a Phone Booth server object and PB-c means a Phone Booth client object 
and so on. 

10 in this embodiment, the client objects are implemented as NewWave objects ie. several new classes of 
NewWave objects have been added: Venue objects. ROAM objects. Whiteboard objects. Phone Booth 
objects. Thus the semantic part of these functionally split objects runs cn an HP-UX server and the user 
interface runs cn MS-DOS NewWave client workstations 

The chent workstations are each running an object-based system of the type described m European 

35 Patent Application No.339220A. the description of which .s incorporated herein as Appendix A. Appendices 
A-D mentioned m attached Append.* A are not attached as part of this appl.cat.on but are incorporated 
herein by reference. Appendix A describes how objects are linked together by parent-child links and how 
m objects can be copied. During a copy operation, the container of the ooiect to be copied sends a message 
to the OMF28 ask.ng the OMF28 to copy the relevant object and identifying the container object which .s to 

jo receive the copy object. 

The OMF28 performs the copy function and then sends a message to the target container object 
instructing it to insert the copy ooiect as one of its child objects. 

Mailing an object involves serialising the object, transmitting ,t to -ts destination and deserialising it 
Serialising an object involves converting it to files, say 0OS files, containing the data of the obiect and 
js information about its properties and its child objects. 

Server objects are not linked by parent-ch.ld links m the manner m which client objects are so linked. 
All client objects contain a reference to their associated server object. Ftgure 3 shows the form of aata .tern 
60 used to name objects The data -tern 60 .s an e.ght-dyte array following the convention used for Internet 
Protocol (IP) addresses. The first 64 bits <s a mach.ne identifier M I 0 comprising a 32 bit server IP address 
so and a 32 bit mach.ne IP address. For a server object the server IP address and the mach.ne IP aodress will 
be the same whereas for a client object these will be different. If there is only one domain per machine the 
domain identifier D 1.0 .s zero. The object identifier O I O comprises a 32 bit generation count and a 16 bit 
tag The 16 bit tag uniquely identifies the object within the relevant storage domain. Since tags are reusable 
wnen an object ts deleted a generation count .s used to ensure that each object is uniquely-named <n time. 
55 The generation count is simply the time in seconds. 

When a client object is closed (inactive) .t appears as an .con on a user's screen. The user opens the 
object by clicking on the -con Opening a client object causes it to send a message to .ts associated server 
object informing the server object that the client object .s now active • e a Here Am I message Until then 
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Figure 4 shews v.deo facia.es for a cnent workstation 

Figure 5 shows a video network structure. 

Figure 5 .Hustrates ;he m a ,n ob/ects m the sy<*m 

F.gure 7 Jlustra.es the functionally split nature n , he . 0iec , c „ lha 

Figure 9 shows a typical Venue. «*™.iure. 
Figure 10 shows a CoMedian directory 
Figures n - u ,„ USIrale mess sequen „ s 

-gores - 5 - 27 show screens dur,n g a tyc „ :al use ;7Xn . 
The ma,n components of a multi-meo.a OistroutPn ^ c '„ „ 
•nvenoon w,„ „ rs , be aesenbed. ^ 00 ' ec '*«« ^ferenong system 5C cord,n 0 , 0 the 

Refemng to F, gu re ,. a multimedia d.s.nbu.ed -hect-bas^ , 
cresen, , nvS n„ 0 n , S ,ndicated a. .0. The system , 0 comn' Ss ~ ' <T ^ $yStem 3CC0 ^ nQ 'o the 
network , 2 may be a w,de area network ,WAN, or T -c a IZ C ° nneC ' ea ^ 3 ^""2- ^ 
'5 network (MAN) Cl,en t workstations C are connected o ea n o Z\ ^ ' UN ' 0r 3 "™°PO«an area 
Servers S communicate *„„ each other b , open ng , ,1° rr ^ tS 5 £ach ™ W» a server S 
Pr,nc,p,e. Cent workstations C could communicated,', v " h ^ S be ' We9n Mirs °« serve ^ *'«*>uoh ,„ 
and therefore each den, workstation C has on, y one Ji LT c.ann^ ^ ^ pf3C,1Ca, P'obims 
c.,en, workstations to commun.cate w,th each other v, * e Z s T 0t *° *° " S ,0Cal S to enable 

i<- Refernng t0 Figure 2. each server S compnse.- 

haroware 14. such as an HP9000 300 HP-UX ,, mP uter ,up 
Co^Pany.: -mputer ,HP , s a traae mafk q , 

operating system software 16. such as HP-ux cpftware 
Remote Ob.ect Access Manager ,r 0 am> software '.a m, 
« AOr ^^ns C connected to the server S and oth.r Uvp?J n .h! mana9 ' n9 COmmun ' ca "°"S Cl-en, 
COM software 20 providing ob,ec: management X s n ""°" ,: 
server ob,ects 2i wh, C h are ob,ects to 4 sharer- L 
oo,ect parts ment.oned ,n the .ntroaucricn ~ ° Se '' S 3nd wh,ch correspond >o tf1e S eman„ c 

Each client workstation C compr.se*- 
» haroware 22. such as an I8M-AT compatible PC 

operating system software 24. such as DOS softwa.e 
w.ndow.ng software 26. such as MS W,rdow« anP , fatl „ 
an ob,ec. management faclity (OMF) J, rh f 
nark o. Hewiett-Packara Company used for a i^,i y o" pV^^.T^' ° MF ' S 3 " 3de 

' ob,ects software 30. such as NewWave ob,ec, s anl r t , 1 °*""* >: 

'or nandhng communication w„ h ob|ects on ^ Cent ob.ec.s 32 and a ROAM ob.ect 34 

Presentation ob )ect parts mentioned in the mtrodlaicn C " en ' ° b)eC,S 32 corr.,pond to the 

The user of a client workstation C therein h « * „„ 
ob,ects of the system and can cause ob^s ,e * ™ [h,n wh,ch tc "annate 

' *«™ S- ° b,eC,S '° °* over the network ,2 7ia tne is J, a ™ 

The system , 0 provides multimedia facile to Fn, a 

voice anacr v.deo communicat.on fac.lit.es as *hi a da« -™ * C "* n wcrksta t'°" C may have 

A possible vo.ee ano data network structure 40 , c h o U n 0rT,m c Un,Ca, '° n fac ""'« 
»d 8. a networked PC server 42 ,s connect to n e ScTp^T Ir « ^ S '* S A 
-uit,port telephone interface cards (such as the vex 300 « f C S9rV6f 42 COnta,ns one 01 ™* 

PABX ,s controlled by the PC server 42 and users can ^ -h. * * M '^ s vs.ems inc.). The 

are connected to the local PABX and conven,en"»y ^ ^^7 Stan<3afd ,e,ephones 44 ^ 
Each of the s.tes A and B romor.se, a i I the ' f Cl ' ent ^stations C. 

W Tn uS e the PC 3 bn0ge ,nterC ° nneC, ' n9 the LAN a 

le.eohon: e corte P n C c e Se c r ;:. ? 0 ^ex'C "c " '° 561 UP ™- -d dose down 

3 n °' ma ' ~ - « - 

Referring to Finnro d aa^t, - 
VHF Receivers ?a. a ^c^^^^^rp^;:, ^ 3 ^ ^ ^ - or more 

Furthermore. !he c „ e n, workstations C may be ' ed w h " ^ 

y '.tted video cards to enable a user to view v.oeo ,n 



/ 
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Button Appearance 


Meaning 


No button 

White, unhighhghted 
Slack 

Red 


This person does not have this media channel available. 

The media channel is available, but not chosen for use 

The media channel has been selected, tut is inactive because the person 

ts not present in the Venue or the connection has not been completed yet. 

The media channel <s being used. 



'5 



20 



25 



10 



35 



-15 



50 



55 



The lower portion of the Venue is taken up by the shared object area 78. This acts as a shared foiaer. 
storing objects on the server and making them accessible to all users of the Venue. Inactive objects are 
represented by an icon such as icon 38 m Figure 10. Objects m the shared object area TQ may oe client 
obiects e.g. Whiteboard client oojects. or may be standard NewWave objects. It ■« possible to move objects 
mto ana out of the snared object area 73 of the Venue-client object. Moving a functionally-split ooject such 
as a Whiteboard object mto the shared object aiea 78 -aces not entail moving the Whiteboard-server object 
but just the Whiteboard-client object. The OMF28 instructs the Venue client object to insert the Whiteboard- 
dient object as one of its children. The Whiteboard-cfient object is then serialised by the Venue-client 
object ano sent to the Venue-server object. The Venue-server object updates its other active Venue-client 
object with the news that a new Whiteboard object ts available m the Venue and these Venue-client objects 
disoiay the Whiteboard-client object icon in their snared object areas 78 accordingly. The Whiteboard- 
server object remains on whatever server ft was initially stored. Subsequent opening of the Whiteboard 
object by any of the users cf the Venue cause a copy of the Whiteboard-client object to be senahsed by 
the Venue-server and sent to the relevant client-workstation where it is deserialised providing access to the 
contents or the Wmteboard object for that user. When that user subsequently closes (deactivates) the 
Whiteboard object, the copy of the Whiteboard-chem object remains on that machine for subsequent use. 

in contrast, if a NewWave object icon is moved mto the shared object area 78 of a Venue-client object, 
this causes the NewWave object to be serialised and sent from the client workstation to the server machine 
which stores the relevant Venue-server object. The Venue-server object then instructs its other active 
Venue-client objects to display the relevant NewWave object icon, Subsequent opening of the Newwave 
object by a user of such an active Venue-client object causes a copy of the NewWave object to be made 
ana sent to the relevant client workstation. Each such user thus obtains a separate copy of the NewWave 
object and changes which a user makes are not reflected m the copies held on the other users' machines. 
This ts a consequence of the non-functionally split nature of NewWave objects and is an tmpiementational 
feature rather than one which is important to the present invention- 
There is one Phone Booth server object on every server machine and one Phone Booth client object on 
every client workstation. The Phone Booth client object arranges for the creation and activation of Venue 
client objects on client workstations and the Phone Booth server object manages the creation of Venue 
server objects and the convening of Venues. On opening a Phone Booth client object the user is presented 
• with a directory 90 of oossible meeting participants as shown m Figure 1 1 The directory 90 comprises a list 
92 of potential participants, an area 94 for displaying a picture of a participant, a media selection area 96 
and an options area 98 displaying three options: Convene Select and Cancel. Unavailable media options 
are greyed out tn the area 96 

When a name is selected by choosing the Select option and then selecting a name from the directory 
90. a picture of that participant appears m the area 94 as shown. The media connections are selectable by 
checking the relevant boxes in the media selection area 96. Checking the box beside the name of the 
person m the area 94 adds that person to the list of Venue participants. In addition, the initials of the media 
options chosen {Phone. Video. Data) appear against the participant's name m the list 92. A previously 
selected participant can be de-selected by de-checking the box beside the name of that person m the area 
94 Taking the Cancel option means that none of the changes made since the window for the directory 90 
was brought up will oe implemented. The Convene option win be described later. 

There is also a Connection Manager object on each server machine providing the facility to interconnect 
users using different mecta. The Connection Manager object handles the generic operations involved m 
establishing non-data interconnections. Drivers for each medium available, eg. video, telephone, handle the 
specific operations involved m carrying out switching requests ounng use. The Connection Manager object 
performs the following services: 

maintains a list of media resources available m the system 

- detects wnen resources fail 

- monitors resource channel availability f;e. monitors, microphones, speakers, cameras): 
sets up connections oetween peopie using afferent meaia: 
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the server oo,ec: . s unaware 0 f the e„sPn C p of m. r, 

Server objects are non-cersi'tenf ann • I t " ° bieCt - 0ther "0r dS l,nk< k 

ex,s,ence of a correspond ^ r 6n( JT ' £ ,he e " s ™" <* a server ob £. C " ent anc 

co,espon„n g cent *™ **» " * ZZ*?™* °", 

5 tne state of the obj^t a nn «n L - urre nl V acnwj. 0 P en,ng a chant oe.ecr m« 1 '<3erw.es o< 

° C2n ' nake ' npUf ,0 Cent ob,ect r^'^Z-nT ' ^ ^ 

ci/ent obiects on two djff 9r -ni - lipnt " ed n 3 ,yD ' cal active server obiecr 

'unconally sp i, ( obiec Comm ^ '° S,a ^ ara N ^Wave ob.ects to ° b ' eC ' 62 ln 

ment and ob,ect naming and m«„ 'T '^'^ mana ? em W 'ac.-i.ty eCOM-S) 63 n,n h 

w^.. 00 , ec , c ' 0 ° : ; e ' ' rrrr; 1 ,a ' : " , "' 63 a - a a ^ « " 30 ^ 

'he Venue provides an ai * 

figure 10 sno °'*-UMns lor a oanicuiar v«nu. 

' ne participants m a v«n ^"^re 

« - - ~ W ^'Sr mM ' a bWK " S 86 - — » -eo ~ . ,3c, one 
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workstation b to the Phone Booth sprvpr ibten PR i, . ha 

wh,ch causes ,t ,c create a new Venue Cent ob,-c V-. n , J? °" e B °° th c " em ob ' ect PC " C 

Parent message fenced 7, t0 £ £ J2£ ^ ^ ™7 JT^ 8 3 H *'« '■ 

5 server object v-s. The new Venue c! , ent ob y .; ^'j^ '° p not,f V '« of the , dent „ y 0 f the Venue 
server ob.ect V- s r9que st,ng ^ about the c'on e ts on ^ 8 » 10 

cbiect V-s is referenced 9 m R gure , 3 ° ue - Tne r ep'y from the Venue server 

Messages corresponding , 0 those referenced 6-9 are <ent beiveen ,k- 

^^^c^y,^^^^^ Ccnne ' :t ' Cn ob.ec, ,nstruc,s the Levant 

The users of chen, workstations A and B can then ,o,nmun,ca.e us.no „ , 
s It .s also poss,bie to convene an ex.«,ng Venue by selec ,no JTL V Cre3,e<j Ve ° Ue 

This ,n„ ia tes a sequence of events wh.cn Z he d.scnbed w h 1 0P "° n w ' th,n the Venue 

machine S and two Cent workstations A and B arV^TnL ? ° ^ ' 4 3 se "*' 

ob,ec, v" 5 ^ SeleCt ' 0n °' C ° nVene 15 « figur* ,4 r h 

obiect V-c to sena a Convene Request me« an8 „, J , 15 causes the- Venue client 

n 0 „f,es the Phone Booth server *™p£'^Z?T * *" ^ ° b ' eCI V " s ^ 

•denafies the intended meeting participants 'tZ pL ~ a BrZ 3 meSSa 9 e refere " ced 3 wh.cn 

referenced 4) l0 the P^Vooth ^ »~» P8-s sends a Ring message 

participants causmg a dialogue box to be displaced on thes, ' h « , workstat,on * of the intended meeting 
meeting. When these users accept or ^TC^^T"* 1 "™ th8 USe ' S ,0 *" - 

» be sent from each Phone booth c'ent ob"c, l£ 0 te Ph ^ £h 5 > » 

The next step , s for the Phone Booth *erv e , oble't PB , £ T " ^'^ P8 - 3 ' 
Booth cent ob.ects PB-c to create new vlnZu^oZnl v"T' 6) the Ph °"* 

l-ked to the venue server ob.ec, v., , s no, a-read !^d Ic'h ,e 7 ** 3 Venue C! ' ent oC ' ect 
message (ref ere n Ce a 8 ) to the Venue <erver obit v < 1 C " em ° b)ec,S V " c then sen « a 

Venue so that the approbate ,cons can , be d -iTi « 7 ,n '°' mat,on ab0 "' ^ contents of the 

client workstations. The reply messaae ronton In Shared area 78 of Figure to on the respective 

Venue^v^^ aooo, ^ contents of the Venue from the 

CM ^se? up 6 tnJ^Toserwned'ia conneaions 3 and » ** Onager ob.ect 

med.a dr.vers fno, shown, accordingly (dotte<3 , ne J " T**' ^ ' nSUUCtS the releva "« 

P^eed. 9V ,00,tea ,,ne referenced n, The distributed meeting can then 

. figures u-,7 0 f Apoend^A*. oTopeninq me new S t C ? it# * N6W m6nu 0p,,Qn ,n NewWave Office 

The act of opening the new Venue-ri.ent obiect v r ^ 
Phone Booth Cent ob,ect PB-c which triggers a mewL.' wlf " 3 me " a9e (re,efen «d ., to the 
cnen, ob )ec t PB-c to the Phone Booth server ob^ea P B fl 2 ' '° ^ 5601 ' r ° m ,he Phone 8 °°^ 

V-s. The Phone Booth server ob,ect PB-s creates a ne v 9 Cfeat, ° n °' 3 ° ew Venue se -er ob,ect 
message .referenced 3 , Next tne v^JlToo^ ° b ' eCt V " S USm9 3 Ve " Ue siart 

(referenced 4, t0 the Venue-cl.ent o^ect V-c \ontan Za *1 ^ n f k ^ 3 Her8 ' S Parent m ^sage 
c« ; en, ob.ec. v-c then sends a message ( n^e^^ ^° h w W " 8 ^ ^ The ^ ^enue 
.nforma„on ab ou. the contents of the Venue and th S ?, ' a °J VM ° b,eCt V ' s W«-ng 

Venue server obiect. S 3 corre SDond.ng reply (referenced 6) from the 

-en 1 : : P r t™-^ 7^2 r e r by ~ an - ^ — 

enable the selection of one or more further partXants d ' S0 ' ayed 35 Sh ° wn ' n F W " to 

t-ese chcces , conveye. from the ^L ZTZT^rT" C ° nneCt,0ns - ,n 'o-at,on on 

control panels of the relevant Venue client obtects C^l ° t,BCt wh,ch ^ 

Change unt i. someone convenes a meet,ng f71eet,n 9 P»rtic.p*i.t, are no, aw are 0 f any 

r " h :;Vvi:; z^:^:::;z?i:^: ^ lose - — * . 0 be S en, 

Venue-Cen, ob.ect ,s oeac.,vat,ng The VenJ° 5 Z ef ZnT ^ «*ject that the 

S server ob,ect then messages the Connection Manager object 
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' pomf-to-pomf 

- multipoint: ail that are available 
fna,nfa,ns " st of esf ^"shed connections and enc urP - « 
a model of t he state o/ other netw 0 r* s . s ^on, 5a non w lf n other network .e mamtams 

opnm.es .etching to prevent unnecessary d , scorne „ 
orov.ces an interface for momlo and J^ 0 ™^ faction,: 
prov,aes interface (c media drivers. 

Another functionally split OD^rt u,h,rh 

*W .2 s Hows an e^m^C h t P " ,U ' e °' ^ « " ^ 

-ewed ,n a „ndow l00 hav.ng a „t,e barTrlp^"^ °' ' Wh ' ,s ^ chen, object Th* Wh(Iehn „ 

"V::xrj'si;-jT- ----- ^;rrr"«™° 



a scroller 
a pointer 

a selection of Afferent coloured pen* 
an eraser M 
a text selector 



MO 

I 14 
I 16 
1 18 
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Apart from the pointer 112 the torn* 
Whiteboard could be us.no . 6 perS0n5 ' to a user ,» p, ch 0 , fhA 

Oniv c "Ck-dragged around by the 

Only one uS er can move the pointer 1 1 2 -t a , 

L.ke*.se ,h e sevef1 COIOufeQ P ° ter averts to the default arrow 

On selecting the Convert*. M „ 
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To "open" an object, the user double clicks on :he relevant .con Refemng (0 Figure 17 Martin has 
opened the Project Meeting Venue wh.ch is shown m a -v.noow 174. The w.noow 174 has a menu bar , 76 
which has sim.lv options to the menu bar 130 of the w.naow 1 26 e*ce P t a Meeting ootion instead of >he 
Setting option. Th e -* ird0w ,74 5,spla y s a oartiopams area 178. shewing only Martin, and a snared rtems 
5 area 1 80 wh.cn * empty. Underneath a b.t map 1 82 of Martin is a name bar 184 which includes a 
notification of presence and three media control buttons 185-7 lor Phone. Video ana Data respect.vely Only 
the Oata button 187 <s highlighted m this example, ie. blacked out m Figure 17 

On selecting the Meeting option from the menu oar 176 of the window 1 74 a CoMedian directory 
w,noow ,90 appears. Figure ,8. The reference numerals for the CoMed-an directory „h,ch were u<ed .n 
•0 F.gure 11 w ,n be retained here. Martin selects the name Richard Jennings from the list 92 of ootent.al 
participants causing a picture of Richard to appear .n the area 94 together w, t h crosses m the video and 
oata boxes m the area 96 to indicate Richard 1 * media selections. Th.s means that Richard will he contacted 
through the system for data sharing with both video and aud.o travelling over v,deo connections Mart.n then 
encks on the Convene button in the opt.ons area 98 to add R.chard to the Ven ue wh.ch causes Richard's 
>5 .mage to ,o.n Martin's ,mage .n the Venue as shown at 1 92 .n F.gure .9. Richard , s marked as absent at 
194 and a banner 196 .s displayed .nd.cat.ng that he has been invited Martin has selected both video and 
data connections for himself m order to match what was selectee for Richard Th.s causes the video and 
data outtons ,86 and 187 to be highlighted in a first colour to show that they are currently ,n use albeit only 
locally to Martin s own workstation. Richard's video and data media burtons t86a and 187a are highlighted 
20 ,n a second colour to indicate that they have been requested Put are not yet m use 

Wh,ie waiting for Richard to i0 in the Venue. Martm -s moving the Design Notes and Design Principles 
objects 170 and ,72 ,nto the shared .terns area ,80 of the Venue by clicking on each object and dragging it 
to the area 180. ■ * 

Moving now to Richard's workstation, shown ,n F,g u re 20. the invitation to ,o.n the Venue has reached 

is h.s macmne and has caused a bell 200 to apoear at the bottom of h.s screen. The bell 200 is flashing and 
making a ringing sound to attract h.s attention. Richard clicks on the bell 200 and the result is shown ,n 
F.gure 2, An .nv.tat.on message box 202 ,s brought up tailing R.chard that he has been invited to a 
meeting and g.vmg the name of the meeting and tne name of the person who conveneo the meet.ng The 
mv.tai.on message box 202 comprises two options: Accept and Decline. Richard clicks on the Accept opt.on 

20 to accept the invitation to jo.n the meeting. 

Refemng to F.gure 22 accepting the .nv.tation causes a Venue client object automatically to be created 
and a w.ndow 204 to be opened for R.chard. The chosen med.a connections have been set up so that 
R.chard can now see and hear Martm and the objects that Mart.n has placed into the shared items area ,80 
are available to h,m. Figure 23 shows that Martm can see the same Venue hav.ng the same contents on h,s 

5 workstation Refemng to F,gure 24. during the meet.ng. Martm has opened a w.ndow 206 on the Des.gn 
Notes whiteboard ob,ect. Martm informs Richard of th.s so that Richard can also view the whiteboard object 
and then both Mamn and R.chard can scribble on the whiteboard and v,ew each others input When the.r 
_ meeting , s finished both Martin and R.chard close and save tne Venue. 

Figure 25 shows the Venue obiect 163 saved m Richard's NewWave office, in F.gure 26 Richard has 

<c just opened h,s NewWave office and ,s v.ew.ng the Venue ,63 ,n a w.ndow 208. Martin , s not present 
(although he would be .f. co.nc.dentl y . he had h,s Venue open at the same time as Richard. In that situation 
he relevant media connections would automatically be set up. Referring to F.gure 27. Hichard has selected 
the Meeting menu -tern us.ng the cursor 210 so as to bnng up the CoMed.an directory 212 and he has 
selected Ed Dav.es ,n the manner previously described. Ed Oav.es does not have video capability instead 

5 he is selected by telephone. Cl.ck.ng on the Select button w.n cause Ed to be added to the Venue without 
Degmnmg a Convene operation. 

Referring to F.gure 28. R.chard , s about to inmate a Convene operation by selecting the Action item 
from the menu bar 214 of the w.ndow 208. and selecting the Convene option from the corresponding menu 
216 s.nce Ed ooes not have video capab.nt.es. the aud.o from h, s telephone would be m.xed into the video 
0 feed into Martm and R.chard and the.r aud.o signals would be sent to Ed's telephone during their distributed 

meeting. 

Turning now to Figure 29. a new session ,s beg.nn.ng on Ricnard Jenn.ng's workstation. A w.ndow 220 
contains ; Richard's NewWave Office. R.chard has created an outgo.ng message represented by the .con 222 
caneo Meet.ng Request" (using the "Create a New" option from the Action Menu - see Figures 14 to 1 7 of 
= Aopend.x A) in F.gure 30. on opening the outgoing message 222 it ,s displayed m a window 224 R.chard 
nas completed the distribution list 226 and written a cover note 228. 

Referring to Figure 31. a new Venue-client ob.ee: represented by the icon 230 is created (again using 
>ne Create a New" option). The Venue-ci.ent object 230 .s cop.ed and aragged into the w.ndow 224 
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to o,sconrect the media connections 'or the Venue-ii*nt 0 o,ect h h 

object sencs messages to all of ,ts other Ven ue . c , ie nt obier < m« * deact,va,in 9 Th e Venue-server 
par„cular venue-client object so that these other v e n U( ...-. ier , dd^k" 1 ,' 09 ' hem °' the ^eact.vat-cn of the 
tne relevant meeting member is now absent. " meir a PPearance to ,n C icate mat 

s Another «ay of setting up a distributed meeting , s ,n r = ..... fo ra 

the desired meeting participants. A Venue-cent obiect '< a Jf- Jn ° V *" e " Sf ' n9 V^nue -' : •'' en, object to 
Venue-Cent object to other workstations creates a reference JrL" !° * Venue - server Copy.ng a 

other wo fl « st a„on S because ,n the copying process ,ne Venue I en, Venue " Server ob,ect °" «nose 

ooject is preserved. e enue " ,ent feet's reference to .ts Venue-server 

'0 There. are different ways in which a Venue-ri,ent -cert -=„ « 

to mc.ude the Ven ue -cl,en t object ,n an .^W rli, " 0lh,r " 0ri,,,,W!n, ■ 0fle " 

message ,s created m the n 0rma i manner eg usim hpwip,, p ! m ' S ° Dt ' on - an e'ectr 0 n, c ma ii 

object is included ,n the message us.ng a standardly ooZ^l"''""™ Ma " a " d 3 v »™-c"e« 
*e message, they place the Venue-chen, ,n their roZLZ'T ^ °' * aCh addres ^e rece.ves 

" meeting. At the relevant time, the meeting participant, ooTn "L T* prepa ' at,on for tn * forthcoming 
meeting. On opemng the Venue-client objects their 32 b « m a r- ^enue-Cer, objects to commence the 
the Venue-client objects send a Here Am I message m , he asCl J*'' 9 " " au,omat ' cal, y "P^ted and 

Another opt-on , s for the user w,c n ,ng t0 . e t up a'c stnh ^ Ve "^-server object, 
object and to sena.ise the copy of the Venue-'cHen, .- c ,ec to" IT^T '° C ° P/ the re ' evant ^.nue-cHent 
» such as a network drive,. This m e may then be IrznZ Z . V" ^ d ' SC (or °* hef sh3red m * d '^ 
oamcipants and deserialised thereby P rov,d,ng each JZtl , " V ° fkStatl0ns ° f ^ '"'ended meet.ng 
object and tne^by means for accessing the assorted "Z^T^l 3 C ° Py °' ,he Ven ue . c „en, 
d-str.butee meeting. J *--o..ated Venue-server objects in order to take part ,n the 

A new Whiteboard-client obiect can ai«tn *~ - 

SEE c ' ea "°J °' a ~ Wh " ™r :~ 

message cr\,a^loZ n dTsc a Vwh^boa^ transmitted ,n an electronic man 

.eference to the relevant Whiteboard server 0^, ^^^" ^ *" °' Cr93 " ng 3 

> ootained s.nce each copy of the Whiteboard c en IV?, ° ' : ° P ' ed Wh "e°oard-c<ient objects 

object (as described with reference to Figure 7> ' * the ™'*°o«a server 

Also as previously described, a Whiteboard-client obiect - a „ 
venue object by a user caus.ng cop.es of the w i , ' ^ ' n '° *• Sh3red i,ems of a 
users of me venue object m ereby gig access Z Z ^ ° b,ecf t0 be m ^ available to the other 

An exempjary user session' HZT 3 ™ <^ * *™ ' 

hypothetical users Martin, flich, and Ed ascribed w,m reference to F,g ur es 1 6 to 33 involving 

A w.ndT ,2 hat" 3 SCrS9n °' 3 C " eflt s- -n,ng Hew.ett Packard NewWave Software, 

a title bar t 2 8 carrying the title "NewWave Orfire" 

Ann 7?" ,3 ° 0tferm9 the ,0 " 0w " 1a <W'°«s: ' 
Action. Ed„. Objects. V, 9 w. Sert,ng s . Task and Help 

a system menu box 1 32; 
size boxes 134 and 136- 

vely on the left 



"Design P'tnciples" 



a NewWave document object fully ccntamed on , he cent workstation. 
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APPENDIX A 



Brief Description of the Drawings 
Figure 1 is a block diagram of a computer in accordan 

with the preferred embodiment of the present invention. 

Figures 2 and 2A show block diagrams which illustrate 

the relationship between objects, applications and data 

files in accordance with the preferred embodiment of the 

present invention- 

Figure 3 shows a plurality of objects linked in 

accordance with a preferred embodiment of the present 

invention . 
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cispiay.ng :ne message. Th,s ,s ach.eved by cck.ng on me ,:on 230 ana 0res * inn . h 
araggmg t ne .co" .n,o the message (Th,s .s an alternate metno d .v,,m the us « ' ' * ey " h " Sl 

procedure deserved *.th reference to Figures 13-20 of Append,* a', Th e ba,™ "! V"* CC ° V 
Figure 32 sh0w , mat the message new conta.ns a ccoy of the Venue-hen" ot e . T , 
224 IS then ooseo (F-gure 33) To send the messao* 222 -l .-an be nrlar** ^message w,n a0 w 
Th,s causes a cooy of the message ,„c,ua,n g m c ^ ZZ^ be ^ ^ 

oeooie on ;he G-SJr.but.on h St . The Out Tray cb,e^ 234 ,n,r,ates imp J 10 ' 6 

comoon„ 1( 3 to ,nab,e these to be transmuted aTr"" 0 " °' ^ 

tne , T- a ocect _eo 0 y .con 236 deserves Jhe ^eLg^n Z^™™* 
viewed ar.ci manmuiArpn hw rh*a — *„ _ H ^ ° iU {nat r n ese 



an oe 



shared objects e.g. a Wh.teooard object, ano moa.fy -he-e m£ Z rlJT2 * ^ ° Pe " 

telephone and v.deo .n.erconnect.ons. For e<amni e n 0ut mat b ! , " ' r ' er3Ct ' n9 [hf ° U9n !he " 

-s relayed to the Wh.teboard server-ob.ee, LTs a7o Z T '° * <*«•" 

client objects of the changes. ° ° ,hSr C0 " es P° n <*"g active Whiteboard- 

Although only Venue shared octets and Wh.tenoar.l ch-, on nh „„ 
9m0 o a ,™„, „ „ en„s S56a , Ba , ,„,«, poss , w ,S" - ~» • -» in ». 

structurer object and tods to rontroi the P.temai u Jb,ect a *scourse 

cassette recorder controller * SUCh 35 3 v ' rtual mon ' to ' ™*9* and a v.deo 

messaging infrastructure ' ° U " ^ W US * ^'^n. g,ven a su.tabie .nter-coject 



50 



^5 



<?5 



jO 



J 0 



J5 



50 



EP 0 497 022 A1 ' 

figure 73 shews a Meek diagrac of the organization of 
KPQy.r .CAT, a system file included i r. the OMF shown in Figure 
7 2 . 

Figure 7 ^ shows the relation between a global parent 
and global objects in accordance with the preferred 
embodiment of the present invention. 

Figure 75 is a block diagraa which shows how s y s t e 3 
files within the OMF showr. in Figure 72 accesses data Tiles 
and appiicatiens from a memory shown in Figure 1. 

Figure " 6 is a block diagram of the organization of the 
texory she w r. in Figure 75- 

Figure 77 and Figure 72 show objects and links in 
accordance with the preferred embodiment of the present 
invention. 

Figure 7? is a block diagraa of the organization of 
HPOMF.XRF, a system file included in the OMF shown in Figure 
72 . 

Figure 80 shows a view specification record in 
accordance with the preferred embodiment of the present 
invention. 

Figure 81 shows the use of a snapshot in accordance 
with a preferred embodiment of the present invention. 

Figure 82 shows the data path of a view when there is 
no snapshot, in accordance with a preferred embodiment of 
the present invention. 
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as parent, of object, containing data, l3 accordance a 
p.-eferretf embodiment of the present invention. 

Figure 5 illustrates t,e screen display which re3u , t3 
fro. linking of various o b j e c t 3 in .ccordanc, with a 
preferred embedment of the pre.ent invention. 

Figure 6 shows the 1 ; -. kins n k < - .. 

K.ng 0 , objects in order to 

create the screen display shown in Figure 5. 

Figure 7 shews how three objects cay be linked together 
in accordance with a preferred embodiment or tfc< ^^^^ 



invention 
F i g -j : 



3 and Figure 9 illustrate how an object may be 
copied in accordance with a preferred embodiment of the 

present invention. 

Figure 10 and Figure 1, illustrate the copyings a 
P^lic object in accordance to a preferred embodiment of the 

present invention. 

Figures 12 through Figure 71 show the appearance on a 
screen or a session in which a user manipulates objects in 
accordance with a preferred embodiment of the present 
invention. Also shown are block diagraas.of how objects 
appearing to the user are linked in accordance to the 
preferred embodiment of the present invention. 

Figure 72 is a block diagram of an Object Management 
facility (OMF) in accordance with the preferred embodiment 
of the present invention. 
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13, OMF 100 inforas t^e application. which object the 
appli :ati:r. should access fcr data. That object is then 
conaide.-ei to be active. An object is inactive when the 
application the object is associated with is not being run 
by cooputer 18, or when the application the object is 
associated with i9 being run, but is not being run with the 
data of that object. 

Active objects can communicate with each other using 
messages. For example if two instances of application 101 
are beir.g run by cocputer 19, one with the data of object 
202 a- the other with the data of object 203, object 202 
and object 203 are both active. Therefore object 202 jay 
send a Bes « s , 211 tc object 20 3 . Similarly, if computer U 
is running application 101 with the data of object 202, and 
is running application 1 C 6 with the data of object 20^, 
object 2C2 and object 207 are both active. Therefore, 
object 202 may send a message 212 to object 207. 

Messages, such as message 211 and 212 may be formatted 
to be sent and received by all types of objects. This 
allows for free communication between all active objects. 
This also allows new object types to be defined and added to 
the system without requiring that the existing object types 
be updated to use the new type. 

Each object has associated vith'^a set of data files- 
For instance, object 210 is shown to have associated with it 
a Sua file 221, a data file 222 and a data file 2 23 . Data 



EP 0 497 022 A1 



<?0 



J5 



55 



F - S 'J r e 83 s U i A w ? *• u * j w 

et5odiuient of t * e 

present invention. 



Description of the ?r e ' srPjH r k 

re. erred Em bod i aen t 

Figure 1 5hous a ceB?ut , g ^ 

"' ln « a monitor in a 
keyboard '3 ' 

« 3 - ?or t; on of co„puter „ain 

memory 17 is s .ncwn by a - a---* - , 

wlthin coffiputp-i8 

r ac - ■ ■ . , " 0b -« et »ana s . tev 

an appi icatior c 

3 ' ar> ^P^-atior. 1014, ar aDnl . 

* aR a PPlicatio n 1 o « 

ani an application 135. 

06 St ° re "3in £ 

- - s - Fo. instance, in Figure 2 ,„„,. 

«■»■ e <i, a?p. ;oation , 01 l3 

Z7 " h,v * s:ored u!i - s - «•«. 

a r P . : c a t i o n in« < _ „ u 

je - 1 ^0d, an objer*- 200 an* 

; ;.; s,r " ib '"" 1 " — — go .... 

an ~ 205 ar « o: the 3 aae cl ass h.. 

w<t , , 3 bCCaU3e each ^ a 33 ociated 

**th application 101 . Sln1 , a . 

r " obJe " 3 207 ' J08 - 

° f the sa «« class becau-. each . . 
an , . 3Ch 13 associated wi th 

*PP"c.tio„ 106. All 5 , 0 , fch- 

P " lkl0n< Wh «" « -PPliction is be<n g run b 
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children ar.t on; or core parents. An object is no: 

allowed to become its own descsnder.t. 

Ir. Figure 3 is shewn an object 201, an object 30 2, an 
0tj9Ct 303, an object 30U, an object 305, an object 306, an 
object 307, an object 303 and an object 309. Objects 301- 
309 have links with reference names which are numbers sho 
in parenthesis by each link. Object 301 has a link 310, 
with reference name "1", to object 302. Object 301 has a 
lir.k 3-1, with reference r.a = e "2", to object 303 . Object 
302 has a 1 i .-. k 112, with reference na ce to object 30*. 

Object 302 hasa link 313, with reference name "8", to 
object 305. Object 303 has a link 3 1U P with reference name 
"1", to object 30c. Object 303 has a li-k 3 15, with 
reference naze to object 307. Object 30U has a link 

316, with reference name " 1 » , to object 308. Object 305 h 
a link 317, with reference name "7", to object 308. Object 
306 has a link 318, with reference name "8", to object 309. 
Object 307 has a link 319, with reference name -9-, to 
object 306. Object 307 has a link 320, with reference name 
-13-, to object 309. Object 308 has a link 321, with 
reference name to object 309. Object 308 has a link 

322, with reference name "3", to object 303. 

Object 30'. is a parent 0 f 302 and 303 . Object 30 3 is a 
child of object 301 and of object 308. Each of objects 302- 
309 are descendents of object 301. Descendents of object 
303 are objects 306, 307 and 309 . Object 309 has for 
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in data files 221, 222 and 222 are ^ , <■„ 

■ e 3- .o.-aat which =ar 3e 

interprete! by application l 0 £ . 

£a = h object has associated w ith ic a Ust o , 

P-cpe.-ties. Each prope-tv has a „, 

P«-y has a na a - and a value which aay 

be accessed by apecifying the r.a 3e . r. , dd , p . 

- n add - tion , each cl 3S3 
of objects has associated wi* h it a . 

"i-h it a n st of properties that 
are co==on to all objects of that cl a3s -„ . „ 

c.ass . ror instance, in 

figure 2A, ob i»ct ?n? => „ * - 

j-cc anj applicatior ini a r. .v. 

■ui are shown. Object 

205 has associated with a , 

*- a property 231, a property 

a "" 3 P'operty 2 3 3 . Application 1 «i hae 

»c-.n ..1 has associated with it 

* Property , 3 , ( a pPOptrty ^ ^ g 

P-Pe r tyli3tscar. contai, anyn . oberofpropertieSi 

ta ch p-cp-rty value car h. r „- 

car. be frca Ie ro to 3,2753 bytes i, 

length. Properties are used to st-rm s 

st^re descriptive 

inforeation about obie-'s 

o=je-.s and classes, such as names, 

cosaenta and so on. 

e ^"" " y '•'«•«.. 06J , ct3 . Th „. 

r.f.r..... are caUea linkJ . Llaka dlp#oti(Mis o ^ 

•■>'•« 1. «..,.. th e p....„ t . t » eother t>>ehii4- ^ 

»» • r.r.,.„«. .... whlcn lt . nuobep ^ ^ 

» "'J— 3 C.U,,,., lt , e|illar<Bi im jo ^ ^ 

collectively can./* #. u k 

7 th3t '"cendenta. Si ni l arl y, 

a " object's parents, its parents- parent, and so 

K^atcnca, and so on, are 

" U!:!i " ly Cal1 " '»» ......or,. Ia 

Br ' f *"" "'»•"-» ° f ™= ~ion, .„ OJ .. t 
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contains iir.es of text 5^, lines cf text 512, a graphics 
figure 51?, a graphics figure and spreadsheet data 515. 

As shew- in Figure 6, text and formatting data is stored in 
an object 6M f graphics data for graphics figure 513 is 
stored i r. an object 6i2, graphics data for graphics figure 
51U is stored in an object 6 1 3 and spreadsheet data 515 is 
stored in object 6lU. Links that are used to build coopound 
objects always have sore kind of data transfer associated 
with the link and hence are called data links. In Figure 6 
is shewn a data link 615, a data link 6 i 6 and a data link 
617. In document 510, data frca object 612, object 613 and 
object 6 i u £r € cerely displayed, therefore data link 6 1*4, 
data link 6^5 and data link 616 are visual data links. In a 
visual data link, the parent will send requests to its child 
to display data within the parent's window. 

In Figure 7 t an object 701, which contains data for a 
first spreadsheet, is linked through data link 70U to an 
object 702, which contains data for a second spreadsheet, 
and is linked through data link 705 to an object 703, which 
contains data for a third spreadsheet. The first 
spreadsheet uses data from the second spreadsheet and from 
the third spreadsheet. Since the first spreadsheet does 
more than xerely display data from the second and the third 
spreadsheets, data link 70U and data link 705 are called 
data-passing data links. 

OH" 100 does the "bookkeeping" when objects are copied 
or nailed. When an object is copied, 0MF 100 makes copies 
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- ■ 3 3 *- or objects 30 7- 

^ ij 1 n r 

-< J ' • Anci ao on 



ancestors 0 fc , , 



- - w 3 0 3 has for 



Act.v. orjecta can dyna aiC3l Ty 

Ke and delete l* nk , fn 

o.r.er averts. When a 1 * n i< * - . '° 

* - n < . w an object . . , 

if «*, a,i#t "' ° H? 

*- e — nas an v o t h - n * - 

K - n -s. If not, OMr mn 

- — * ..... 5Pace „„ eii ° f the 

3S0cia '-ed vi th the 

C ■ e * * i ' • 

a- - -us purposes . c n 
tie .ors or objects. r h . 

Chili,-;- o' C 

...... a! rc: 3 „ s oay Se otJests 

obj.-., „. v c '"' " T tk. 

(3i3 ° Called folder *02) 

(also caned folder *03) a ,n 
( °3J and an object «04 

l3iS5 roid er ii 0 u <■ , 

conra . 33 ,older »- Folder KOI 

contains an 0 fc lect UO« 

jea q °5. used to conta'n a,> 
used ta in data » an object U 0 6, 

' C ° C0nt3in «t. p an object .07 used to 

FOldCr <° 2 COnt ^- an object .08, used to 

»»'"». .« ..,.«, ,o,, U3ea t0 contaln 

"'0, used in ob J«<=t 

U3e < to contain data. Fo i der „ 0(| 
0 1 , contains an object 

« n ' to contain data, an object „2 U3 ed t 

and an ob1 ect , 

H 13, used to contain data. 

A co '"« sophisticated use of i ,■ „ „ • 

° r Unks i3 to construct 

J e --a. Tor instance in FlgUre 5 

» = 3 » a document 5 1 o 
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U2 through a new l i n k :65a. Object 16U is a C opv of 
obje-t '6 1. Link i£3a is a copy C f link 163. 

In Figure 12 through Figure 71, it is shown how objects 
are displayed to a user or. asnitor it. in Figure 12 a 
"NewWave Office" desktop is shewn to include icons labelled 
as "File Drawer", "Waste Basket", "Diagnostic", "Printers", 
"Star" and "My Folder". A user (not shown) has n anlpulated 
a cursor 73l, using keyboard 19 or cause 20, to select "My 
F c 1 d e r " . 

Figure 13 shews how the objects displayed on monitor Hi 
are linked. NewWave Office (shewn as an object 7 00) is the 
parent of "File Drawer" (shown as an object 701) through a 
link 7li, cf "waste Basket" (shew- as an object 7 02} through 
a link 712, of "Diagnostic" (shown as an object 703) through 
a link 713, of "Printers" (shown as an object 70U) through a 
link 71a, of "My Folder" (shewn as an object 70S) through a 
link 715 and of "Star" (shown as an object 706) through a 
link 716. 

In Figure 1U, the user, using cursor 78 1 , has selected 
"Create a New..." m a p u n down Benu 782 . A3 a reaul , of 
this selection a dialog box 779 appears as shown in Figure 
15. Using cursor 78l, the user has highlighted the icon 
"Layout" and using keyboard 19 has typed in the name "Paste 
UP" as a naoe for a new object to be created. Cursor 781 
now points to a region labelled »0K". Once this region is 
selected, a new object titled "Paste Up" is created, as is 
shown in Figure 16. 
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of aata files associated with the 0=Ject 

being c:?iec has children, <-ur T ^ c a -« 

' -° 3133 ffla ^s copies or th 

object's Ascendents, and builds '< nka 

..nka .etween the new 

°tjec: 2 to give the r.ew cocpcund object the , a 

j « - t the saae structure 

aa the c.-igi na 1 . 

Fcr instance. Figure 8 shows object 10* r 

Je,,t 309 » from Figure 3 

and the descenders or object 303. w-en omf „ • 

"••en OMF makes a copy 0 

° tje:t 3GS ' CMF copies each of object 303- s a 

J - l i0 ° s descendents and 

the links s^.owr. in f < a- u - p s 

- - .o.a is a copy or object 303. Object 

3Cja is a copv of oS'^r -J r - „ w . 

o&.e.t 3C,. object 3 C6a is a copy of 

0 t j e : t 3 C f . o fe - a * ;n 7 , 

- 0? * lS a «" »f "Je = : 307 . ooject 

. c,p., or „,. LlBk is a cop/ of u ^ 

^ 3». ls . c , t: , „, llB , 3?J . ^ a 

of 11 r. k 21^. ri-u- 7ie, 

,k 3 53 15 3 COpy of ^nk 315. Lin. 3 i8a is 
a c:?y of link 3,9. ... _ v . . 

L...k 319a is a copy or link 3 '9. Link 
3^Ca is a copy of link , 20- 

in the preferred e^bodiaent, the default behavior 
— in the copy or a parents chUdren when the pars , 
^ -pied. How . vtrf when a chud ia de9ignated aa ^^^^ 

" - not copi... *ather, a copy or the parent inches a 

t0 " e Child - i" figure 10, a parent 

«^«t '6, i3 to be copled> parent obj#ct ^ iib ^ ^ 

• object ,62 through a link H 3 . Child object l62 la 

a public object. As shown in Fi«ur* i- 

Figure 1 , , copying of parent 

0 >Ject 1ST results in new object 16U being linked to object 
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I.-. Figure 23, using cursor 7 5 i , "Paste Up" (object 105) 
is shown, being dragged to window 755. In Figure 2f, the 
process is complete and "Paste L' p " (object 703 ) is now i - 
window "My Folder". In Figure 25, "Paste Up", shown as 
object 703, is now a child of "My Folder" through link 728. 

The user sets up multiple links by using the Share 
cociar.d. This ccacand is an extension of the clipboard 
metaphor common in software packages today for. coving and 
copying data around the systea. The clipboard is a special 
buffer that the system uses to hold data that is in transit. 

Ir. one way, the Share command operates similarly to the 
Cut or Copy command described above. That is, using Share, 
Cut, or Copy, the user selects seme data first and then 
gives the Share command, which results in something being 
put or. the clipboard. In the case of the Share command, 
however, what is put on the clipboard is neither the actual 
data nor a copy cf the actual data. Instead, it is a link 
to the selected data. When this iir.lt is pasted, a peraanent 
connection is made between the o riginal data and thf 
location or the Paste. Through use of OMF 100, this link is 
used by the involved applications to provide easy access to 
the original data (in its full application) and automatic 
updating when the original data is modified. 

In Figure 26, the NewWave Office window has been 
activated. "Paste Up" (object 707) has been selected, as 
evidenced by "Paste Up" (object 707) being in inverse video. 
Using cursor 78i, "Share" from ce.tu 78 3 is selected. In 
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I- Figure '7, "Paste u = " '« , 

JR-.wn as an object 707 

linked as a chili of NewWave c*f < r*r. n h 

~.i--e through a link 7 17. 

The. basic clipboard operations are Cut, Copy. a .-.d 
Paste. T,e , 5 er = ust select the data that is to be 33 vh 
copied, an, then give either the Cut ComM or the Copy 
cc.xa.-.d. Cut B0 v, 9 the .elected data to the clipboard 
(deleting it fro 0 its original locatlcn) . ^ ^ ^ ^ 

of the selected data or. the cupboard Th. 

?ooapa ' Tne user oust then 

select tr.e location where he wants the data to be aovec or 
ccp.ed to, a,d give the Paste =ox ffi and. This C0B = lnt! copie 
the contents of the clipboard to the .elected location. 

In Figure 13 a user is shown to have selected "Paste 
UP". The selection is represented by the icon for » ?ast e 
UP" S.ing displayed us.r.g inverse video. With cursor 73,, 
the user selects "Copy" f„ B , pul , down aenu u ^ ^ 
FI 8 ure ,3a a Clipboard object 720 is 3h0 wn to be a parent o 
an object 70S through a link 72,. Object 708, is a copy of 
object 707 ("Paste Up"). 

As shown in Figure 19. next the user selects -Paste" 
fr ° E PUil d ° Un »4 783 ' Th « -suit, shown •„ Plgur . 20 , ls 
the addition of an object 708, pointed to. by cursor 781, 
which i, a copy of tne original Bpa3te Up „ object 7Q7> 

In Figure 21, the new object is shown as object 708 
linked as a child of 0ffiet thpough a ^ 

In Figure 22, "My Folder", has been opened by double 
clicking tne icon for "My Folder" using cursor 781. The 
result is a new window 785 representing "My Folder". 
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spreadsheet ccul- cause a graph to be re-drawn, and updates 
as a figure in a docu=ent. Ar.d since an c&Ject can have 
cany parents, a single object can be used as "boiler plate* 
for any number of other objects. A change in the boiler 
Plate will t e reflected in all the objects which have links 
to it. Automated data transfer is illustrated in the 
following discussion. 

In Figure 3C, window ?85 for "My Folder" has been 
closed. In Figure 3', cursor 75 l is used to select "Create 
a New..." f roc poll do,.-, cenu 752 . As a result of this 
sele-ticr. dialog box 779 appears as shewn In Figure 32. 
Using cursor 73!, the icon HPText has been highlighted and 
using keyboard io the nase "Saaple Text" has been typed in 
as the r.a = e for a new object to be created. Cursor 78! now 
points to a region labelled »CK". Once this region is 
selected, a new object titled "Sa-ple Text" is created, as 
is shown in Figure 33. 

In Figure 3 », "Sarnie Text" (object 709) Is shown to be 
a child of NewWave Office through a link 719. In Figure 3 «, 
since "My Folder" has been closed, "Paste Up" (object 708), 
link 723 and link 727 are not shown. However, these still 
exist, but are not currently visible to a user. 

In Figure 35, placing cursor 78 1 on the icon "Sa-ple 
Text" and double clicking a button on aouse 20 results in 
"Sa a? ie Text" being opened. In Figure 36, an open window 
789 for "Sample Text" is shown. 
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Figure >a^, Ci; P t, oar j =ti9 „ r 7 

' " S - = W " t0 « ?.r« fl . c - 

10 ?iSUr? W1?jCW ' 7?5 h - act imed . .... a 

Be "' J 7 5 7 ' "P»»t." is selected T r, , • " 

- . re3ult - «hJ-n in Figure 
-=8. 13 an icon 707a ap-, 



!earing l » " 1 »*>« 785, v hich in. 



icatea 
he 



t n a t "Pas n n » ; ^ k 

J - L P lot- 'e^* 1 707) , - w 

3hared ^ **"«ow 735 and t> 
NewWave Office „:^ Cw Tn .. * tf 

' • ^ F^ur. 2£A| as , re3uu Qf 

t Jr - *9, showing j. Ja£ tle 

interconnect •;->- «*• 

■ lC " of Ejects viaitl- to th. 
, . . , t0 th « «-«•-» "Paste Up" 

(object 7C7) is ah=wn 

3 Child of Folcer" 705 

-hrough lip.;. 72 , «. . m 

bje=t 707 > i» shared, 

not copied, " P5ste u? „ (Q 

0J "" reoains a child of 

NewWave Of- ». » _ 

^ . 4 „ e tnrough link 717. 

One key f ., tur , ef unks ia ^ 

".Mf.r. W„ = „ a CMli 

, „ nd the U3 «-" changes 

• ::z: c ^ ^ 

. ;: a ; e ais= °- - « ». . ....... 

o. P .„ a „ sle!> Jnd Mtn have 

c hange 3 mad e t « * ~ 
- oth SUC - pirt 58 "'«»i«.U, r.ri.,t« 1B 

other parts r « - 

For exaople, changing a number i„ , 
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The result is the opening and display of "Star" (object 70 6 
in a window 7 9 6. Figure sh3ws t , e use of c , jrsor ?gl ^ 
select selection "Ellipse" in a oeru window 797 which 
results in the data within "Star" (object 706) being changed 
fro. a star to an ellipse. As shown in Figure 51, the 
result i3 3 change both in data displayed in window 796 and 
data displayed in region 795 of window 791. 

lr. Figure 52, cursor 73l is used to define a region 797 
in window 75U In Figure 53, cursor 78< is used to select a 
selector. "Create a New..." r . pull dcw , nenu 7?3> As ^ 
result of th iS . selection dialog box 799 appear, in Figure. 
5«. Dialog box 799 contains icons for the two classes of 
objects available which are able to displaydata in region 
797 of window 791. Using cursor 78', the icon "HP Shape- 
has been highlighted. Using keyboard 1 9 the naae "New 
Shape" ha, been typed in as the na«e for a new object to be 
created. Cursor 73! now points to , regloR3 labellec „ 0K „. 
Once this region is selected, a new object titled "Mew 
Shape" i, created. Data for "New Shape" is displayed in 
region 797 of window 791 as is shown in Figure 55. In 
Figure 56, "New Sfia? e", (object 750) is shown to be a child 
of "Paste Up" (object 707) through a link 760. 

la Figure 57 a window 800 for "New Shape" was opened by 
Placing cursor 78 1 over region 797 of window 791 and 
clicking twice on a button on aouse 20. m Figure 58, 
cursor 78 1 i3 used to select the selection "Triangle" from a 
pull down B enu 801. The result, as shown Ln Figure 59, is 
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Fig.re 3^ a wi.-,-cw 791 for "Paste Up" (ctject 
h3S C?Sr - Sd by d3 ' j61e clicking o, tne icoR for wpaste 

Up". Ir. Figure 33, using Cursor 7 9 i, controlled by mouse 
20, a portion 7 90 of t,e text of - Saaple ^ ^ 

Sele:t6d - ^ ?0rti °-' la i — v lde0 stating „ tw Wave 
Office envi -onttent" Is portion 790. 

I" FiS^e 39, cursor 78! is used to select the 
selects "Share-, in a pull down .enu 792 . In Figure ^ 
" area 7 ?3 in window 791 is selected usir.g cursor 78i. m 

Figure *n , a selector fT ^ a * p »* «■ «. - i 

• as ' e * s electee" free a pull down 

6 in F -5ure U 2 , "Saople Text" is 

linked to "Paste f'o" (oh 7m> ^ _,. 

-P lo&^ct 707; and displayed text 790 is 

displayed in "Paste Up" window 701 Tn P <„ 
Tex:- (object 7 0 9) is snowr. to be a child of "Paste u? . 
(object 707). through a llnk 72? . In Figure dispUyed 
text 79C is anowr. in gray because "Star" window 78 9 is open. 

I-i Figure in. "Sta'" w'rlou 'Ha" i. 1 

w.mow ,39 . 3 closed 30 displayed text 

790 is clearly displayed. 

In Figure 4 5 , a region 795 of window 791 is selected 
u-in, cursor 78,. Figure , 6 3nowj> cur30r ^ 
icon "Star" into region 795 of window 79 t . 

In Figure U 7f data fro B -Star" (object 706) is now 
displayed in region 795 of window 79L As oay be seen in 
Figure ,8, "Star" (object 706) is now , child of "Paste Up" 
(object 707; through a link 726. 

In Figure « 9 , a user has placed cursor 78 1 over region. 
795 of wtndow 791 and do u b 1 e c 1 1 c ke d a button on aouse 20. 



/ 
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c^iid 709, 

In Fl8Ure U ° 753 791 1, selected U3lpg 

cursor 73 l . In Flgure „ , aelec-ion . 

selec.ion "Paste- i 3 selected 

from a pull down menu 7qii 

" u ' yq using cursor 781. it thi. 

• At tni 3 point 

P.r.nt .»J. et 707 <.,.„. „ p ., requejt3 iM ^ ^ ^ 

— S M. lh . p . r . at of p „ cnpboiri ?2o _ ^ 

specification record r^^ w 1 w 

' ""If""*" clip.o.rd 720 . nd CMla 

- "Pi- r„ u„ k 729 6et „„„ „ r ,„ t 707 >m chnd 

en- «r . Paste Up . (0 , Ject ?07) ^ 

In Figure UP *» 

2. -spl.yed text 790 is displayed in 

"Paste Up" w:.,dow 751 . m ,cco.pi llh , n . thlj Da „ 

p-i.-3n.ng tnis, parent object 
707 takes a call to 0MF 1Q0 a , k - . 

ask.ng that a oessage be sent to 
obj.ct id f „ tlfltd by the PtftrfBC- Rane fop 

— —age revests the chil d obJ ect 709 to display data 

— —-to a location specified by parent obJcct 
707. OMF 100 tak^ * * . 

<«• «.»tme.«i. B nu . ber „ leu speclflcjtion 

ln lB . , p . elfl . 4 loc . tlen>in • 

c„. are , T „. The of t ^ ^ mm ^ 

P«., t 707 t. OHF ,00 t. 70, „ - DISPL „ „„. 

fur,-., ,.,„,,.„ ,„ tppen31x ^ a>tached 
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50 
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In addition, p arev , 0 , 

to child osjec* 7 o<9 " " a «'sage 

709. In a - C£T Sf oe33a *. 

identifies a ref ° bj < 
a reference naee for u 

cc, riims3 fQp a 729 and indicate. 

display. OH? i 00 t.ie., the G „ SJ7£ 

»«3 3 age fro a parent 7Q7 - 5I - E 

— - — 3Peclrica ;. d3 thedata — — nuebe 

5 defers th " reC ° rd 

P^ent 707 the si 2e 0 , th 9 r6tUrn3 to 

° f the portl °" or the specific a 
? child 709 uou'h P«ciried area 

" WOu ^ uae to dl 3 pi ay th . A „ 

piay tne data . T nl . , , , 
P*-ent 707 to ,odif y th. . 3 

Uy tne region reserved r af . 
fro* child 7^9 wh ^'Playing data 

9 WhCn Child 7 °9 is not able to 3C ale th 
t3 fit m the pp„< the data 

.v regl ° n 3 P-i^led by p arent 70? . 

When \" atl fPO " a child object is b# - 
P — t object and th 3 bSlng dla Played by a 

— ^cts notifies 0 W lOOtH.t there J b 

a change i n the d 8P * h " b «« 

aata object. For examrM. 

above ln p- e **«Ple, as described 

1" * 7 , data from "star" < oh< . . 

■m (object 706) now 
in re4i3n 795 „ f ulndou 

-tar (object 706) i- a rh<1 -4 - 
(o *J-« 707) thro h " Pa9t * UP " 

fo B child object 706 * * Pa33ed 

706 to parent object 707, llok 726 , 
data Unk which .„ tl „ 6 U * 

include, a vlew specification. 

In Figure ii o * w 

object 706 i3 3h0wn> chll < 

USer P^ce 3 cursor 78 1 over , 

795 or window 791 an . . ° VeP r « 8lon 

791 and double click, a button „„ 

"he result \ a t „ . u " 

opening an d display of " S * aP * , K4 

in a w ind0 w 796 „ . ( ° bJ,et ? ° 6) 

U3inS 781 to select selection 



n 
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"7 " . s 
therefore 



lnCS ° bJSCt 671 13 a fol^r, there is no v ltW( 

« three bits within 3ubcoIu«n 7 3 «• would be 
"0C0" . 

I" r:„r. 78, 05je;t 676 la . doculent ^ ^ ^ 

... a p arent ef .„ o6jeot ,„ throujn m iiofc 

O.J.« 677 ... . ,., of .... tlBk i§ t r#f#rtoM ^ 

'■• OBJ.ct 678 ht, a tag or -2,.. Unlt 6S0 hlj ^ 

re Terence name * 3 " . 

««-r. 79. .„ . nt „ 737 a „ orl6ea ^ ^ 

Th " 18 ^ "try 737 , h . r . l3 tBe 

»"« u. ".7-. : „ C51 _ 732 tc , re ls ^ eMit ^ ^_ 

•»< in «lu„ 73 3 ,„. r . ls th . „.,.,..„. Qb(ect 
«» «■ a -..„.„«. an, as5uoi „ 8 there . yleu „ 5oclated 
»"« 67,. thr .. Blts wltal „ au6coiuBn 7j( ^^^^ 

»• »«. and . Btr , „ ai . , ¥l „ 



record . 



Sl.H.rly. .„ ,„ try 73 , d „ orl0es Unk anji<n ^ 

F ' ! " r! T3. or ., tr y 739 t».r. 1, eh . 

p««« -u-. ,„ colu „ n 735 tnere la the cMid ^ 
««. m c, lu .„ , 33 ,„.„ 13 th , ptferenct ^ _ 3> _ 

««• 1. . .1.. .,.„!.,., ultB llnk 6SOi t|it t(irej 

within subcolusn 7iu «~ ». 

" 73 contain the three bits m i 0 - and entry 

7^0 i 3 a view 3 p e ci f i cat 1 on record. 

I" Figure 80, view specification record 7,0 i 3 3 , 0wn to 

lnCl ' Jie ' fl6ld 7 " «o„t.i„, a d.t.' i d . ntl fleat t on for 

view, a f . tlfl 7U2 yhich lndicatea whftther there ^ ^ 
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3 " ?3h0t 10 the VleW ' a " d a "eld 7. 3 which Contaln3 

miacel lane OJ3 information about ^. v .- u - K , 

»*ew. ,i-s e data 

id.niiflc.tlon nu=ber is used by the child object of the 
link, to detersine what data is 3 ent through the link. 

Figures 37 - .3 shew the establishment of a Unk wl 
a view. A3 ha3 been discussed before, ln Figure 37 windo 
791 for "Paste Up " (object 707) has been op€ned by 
clicking on the icon for "Paste Up-. m Flgure 38f UJJlng 
Cursor 78!, controlled by mouse 20, portion 790 of the text 
of "Sample Text" ha 3 beer, selectee". The portion in tnve rse 
video stating "New Wave Office environment" Is portion 7 9 0. 

In Figure 39, cursor 78 1 is used to select the 
selection "Share" m a pull down menu 792. Once "Share" is 
selected, chile! object 709 ("Sample Text") creates a data 
identification number which identifies portion 790 of the 
text to child object 7C9. Child object 709 also causes 0MF 
100 to put a link to child object 709 on clipboard 720- 
Child object 709 communicates to 0MF 100 through command set 
forth ir. Appendix fi, attached hereto--. Child object 709 
also inform 0MF 100 what data identification number i, 
associated with the new link between the child 709 and 
clipboard 720. if there is a 3 „ ap3ho t associated with the 
link, child 709 win also inform 0MF 100 if there 1, a 
snapshot associated with the link. Snapshots are discussed 
-re fully below. As , P „. Jlt QMF , QQ wlll ^ ^ ^ ^ 

HP0MF.XRF 603 for a i../ hl> 

U J ror a l.nk between clipboard 720 and child 

object 709. The view specification record for the link will 
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V S_TEXTDISK10C 



INITIALIZED 



20 



25 



JO 



J5 



VS^VIEWCLASS 



4Q 



► Bv) . , 3 32 character 

: f X UU dat * ID 1, located' 
•hia contains Zero if no 
textual data I D ha3 been 
defined by the child. The 
1°" 0Pd " 'ive bits of t Je 
file position , re always 
zero and are thus not 
ftor.d i„ the Misc field. 
Th« hexadecl.al number OPFF 

! E 13 * Ba3lf «hich 
indicate, which bltjJ are 

U3 * d fop th i» bit field. 
Set if the vi ew 

initialized. i f cl . ar 
infor.ation in fhe v^w 
specification l 3 Ze P0 . 
hexadecimal number 0000 
O0, O is a mask which 
indicates which bits are 
U3ed r ° r bit field. 

Reserved for future 
expansion. The hexadecimal 
n«-b. P oooo 0008 is a mask' 
which indicates which bits 
abused for this bit 



all 
The 



so 



55 



Specifies the view class 
the child assigned to the 
^ew. The view class 
de.ines what view methods 
are available to the 
P^ent. The hexadecimal 
number 0000 0007 is a mask 
«hlch indicates which 
are used for this bit 
field. 

* 

trough a link 6 7 U * n *• 

•«« > P.r..t or „ „ bJect 67J „ a 

' " 6,2 h " 3 *»« "'2-. Link 67U as a 
reference naoe "i« * 

■ Object 673 has a tag 0 f » 1 9 " . Link 
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6 7 5 r.as a reference na:e "7". Reference r a *. 

r. ci ere nee naaea are picked by 

the parent object ar.d need to be uni q , e for th , partlculap 
parent object; however, other parent, oay have , Unk ^ 

the same reference name provided each reference naae i, 

unique for each parent. 

Figure 79 ahow, a block diagra. of HPOMF.XRF 60 3 . 
HPOKF.XSF contain, an entry for each link between parent, 
and children. ln HPOMF.XRF 60 3 colu.n 73 1 contain, the tag 
of the parent for each link. Column 7 3 2 contain, the tag of 
the child for each link. Colu.n 733 contain, the reference 
na»e for each link. The fir,t three bit po.itlon, of eclu.n 
7 3 3, shown in Fi£ure 7g aj> 3ufc . coluan nu> lndicate 
a view specification file record 1, present (":,0") whether 
no view specification file record follow, (« 0 00») or whether 
tht link 1, between 1, a i lnk froo tne globa , parent ^ ^ 
global object (" 1 00" ) . 

A, may be ,een f entry 735 1, an entry which describe, 
link 67* shown in Figure 77. That i,, in colu.n 731 of 
entry 735 there i, the parent tag "6-. i„ colu.n 732 there 
13 the child tag and in coluon 733 there i, the 

reference naae Slnce obJect 6?1 la ? ^ 

view, therefore the three bit, within ,ubcol UBn 73* would 



no 

be "000" . 



Similarly, entry 7 3 6 1, an entry which de,crlbe, link 

675 shown in Fiffur* 77 r k , ► 4 

4gUre 77 - Tnat ls ' 1" colunn 7 3 1 of entry 736 

there 1, the paren t tag "6". m eolu.n 732 there i, the 

<nW< tag mc.. ani ln eo , UBR ?33 thept ia rererence naae 



/ 
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records eanr.ot be identified by the content within a view 
specification file record. KPOHF.XRF is increased in size 
16K bytes at a time. A newly allocated port, ton of HPOMF.XRF 
ia filled with zeros. File records within HPOMF.XPF which 
are free or which define a link have the following fields 
listed in Table 5 : 

Table 5 

ParentTag Contains the tag ( HPOMF . C AT 

record number) of the parent 
object of this link. if this 
field is 0, then this record 
does not define a link and is 
free. 

C " ilc!Tag Contains the tag of the child 

object of this link. If 
ParentTag in this record is 0, 
and this field is also 0, then 
no record beyond this record in 
HPOMF.XRF defines a link. 

RefNane Contains the reference name that 

the parent has assigned to the 
link. This field is meaningless 
if ParentTag or Chi ldTag is 
zero. Otherwise, if the top 
three bits of this value are 
110, the next record in the file 
is a view specification. 

Pile records within HPOMF.XRF which are view 
specification file records have the following fields listed 
In Table 5A: 
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Table 5A 



Da t a Id 



Contains the value that the 
child has assigned to identify 
the part of itself that i 3 be', 
viewed through the link. 

SnaP3h0t Contains the tag ( HP OMF .CAT 

record number) of the object 
which is the views snapshot, o 
if zero, the view has no 
snapshot. For further 
discussion of snapshots 
below. 



see 



Mi sc 



Coaposed of several bit fields 
described below; 

5wr Set if child has told OH*- 

that new data is available 
but has not been announced 
to the parent. The 
hexadecimal number 8000 
0000 is a mask which 
indicates which bits are 
used for this bit field. 

VS.HEWDATAANNOUNCED Set if child has told OMF 

to announce new data to 
parent, but parent was 
inactive and was not 
notified. The hexadecimal 
number 0 0 0 0000 is a mask 
which indicates which bits 
are used for this bit 
field. 

5et i* child has told OMF 
that the view's snapshot is 
out-of-date. The 
hexadecimal number 2000 
0000 i 3 * mask which 
indicates which bits are 
used for this bit field. 

VS_WANT MESSAGES Set if child has told OMF 

that it wants to process 
view messages when snapshot 
is out-of-date. The 
hexadecimal number 1000 
0000 is a mask which 
indicates whicr. bits are 
used for this bit field. 
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Table « 

is if this record defines 

an installed class, otherwise 

field is the record nuober of 
the next free record, or -0" if 
there are no .ore free records. 

IL n >s reCOr<1 13 free ' no "« <=f 
tne other fields ln the pe 

la meaningful. 

HoduleFileNane Soecin „ f . 

ipeciries the name 0 f the 

application associated with 
objects of this class as a null- 
terminated string. 

properties r- 

Specifies the number of 

Properties, the length of the 

\71Y*£ l\V* 3nd the ^oation 
in HPOMF.PFP of the object's 

of HPOMr.PR? below for further 
definition of the structure o? 
this field. 

I" figure 75, the relationship of HP OMF .CAT ar.d 
HPOMF.CLS is shown. Within each object entry within 
HPOMF.CAT, the record num.er, which is an object', tag 
™ » an identifier S 5 0 of data ril„ in a aass storage 

— or, 170 associated with the object. The field 
■Typ.lnci...- serves as an identifier «„ 0 f the class entry 

in HP0MP.CL5, which identifies the class of each object. 

^thin each class entry in HPOMF.CLS, the.field 

'HoduleFileNaxe* serves as an identifier 6 52 of th. 

application file ln oa33 3torage oeBory 1?Q ^ ^ 

associated with the class. 

*" FiSUre ?6 ' the <»r«.ni«.ti.on of a portion of aas3 

storage aecory 170 ih^^* * 

Y .3 shown. A root directory 660 contains 

Poster, to an HPNWDATA directory 661 and HPNWPRCC directory 
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5 65. KFMW7S0G .-.rectory 566 is the location of 3torage f<> 
applications files, represented by arrows 65 9 . HPNWDA7A 
contains a plurality of HPOMFddd directories, represented 
directories 662, 66 3 , 66U, 665 and 566> In ^ 

directories are stored data files associated with objects. 
The "ddd" in HPOHFddd stands for a three digit, leading 
zeros, hexadeciaal number. Each HPOMFddd directory has a 
different «ddd" hexadecimal number. The »ddd" nuaber 
indicates which HPOMFddd directory stores data files for a 
particular object. Daia fil „ fop a partlcuUr obJect ^ 
stored in the HPOMFddd directory which has a "ddd" nuober 
equal to the tag for the object divided by an integer 
nUliSr ' e " S -' ftrt ^ f0 ^- Wi"i n each HPOMFddd directory, 
files are stored by tag nuabers, e.g. data file r.aaes have 
the foraat xxxxxxxx.m, where "xxxxxxxx" Is an eight digit 
leading :ero 3 hexadeciaal tag, and -111" are a reference 
chosen by the application. 

Systea fiLe 603, HPOMF.XRF 1, also referred to as 
S YS X R £ F . This Tile is . liat of all th . ^ ^ 
the systea. it 1, rec0 rd oriented, but does not have a 
Header record. Each record file Is either free, or defines 
an existing li nk , 0P ls uaefi , „ aa overflow reco ^ ^ ^ 

previous record to specify additional view specification 
information. Records that contain view specification, are 
called view specification file records. View s pe ci f i = a 1 1 on 
file records can ^identified only by a previous record 
which defines an existing data i iale . view specification file 



/ 
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Table 



5 t : re - 



'r.trv 



TypelnClass 



SysCatFlacs 



properties 



f a s t pro ps 



Is n - i " if this record defines 
an object, otherwise this reco 
is free and this field is the 
record r.-j=ber of the next free 
record, or " 0 " if there are no 
core free records. If the 
record is free, none of the 
other fields in the record is 
meaningful . 



Specifies the class 



this 



o f 



object. This is the nunbep 
the record in HPOKF.CLS that 
indicates to which class the 
object belongs (see discussion 
of class above). 



Specifies if the object is 
global if the bit masked by the 
number 20 (hexadecimal) is set 
in this byte. In the preferred 
embodiment all other bit 
positions cjst contain "0" and 
are not used. 

Specifies the number of 
properties, the length of the 
property races and the location 
in HPOMF.PR? of the object's 
properties. See the description 
of HPGMF.PRP below for further 
definition of the structure of 
this field. 

Certain object properties, such 
as name, are so heavily accessed 
that they are stored directly in 
this field, rather than 
indirectly in # the properties 
file. Properties stored in this 
field are called "fast 
proper ties . " 



System file 602, HPOMF.CLS is also referred to as 
SYSCLASS. This system file is a list of all installed 
classes in the system. It is record oriented. The firs 
record, numbered 0, is a header which contains various 
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signatures (see above) ani is use^ to oar. age a list of free 
recoris. All ether -ecords eitr.er serine an installed class 
or are free. In the preferred embodiment HPOMF.CLS can grow 
dynamically, but cannot shrink. 

Each file record in HPOMF.CLS is thirty-two bytes in 
length. HPOMF.CLS file record 0 (tne header) contains the 
'5 following fields listed in Table ]: 

Table 3 

lFirst-reeEntry Contains the record number of 

20 the first free record in 

HPOMF.CLS, or "0" if there are 
no free records. 

Fileld Contains tr.e null terminated 

^5 string "HPOMF.CLS" 



30 



15 



Vers ion 



Contains the file format version 
n u a b e r . 



JO 



i.VaxPecordNuEber Contains the number of the 

highest record ever allocated 
from within HPOMF.CLS (this 
highest record may or may not be 
free) . 



Table U, below, contains the fields for file records li 
HPOMF.CLS for file records other than file record 0; 



J5 



50 



55 
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other prograa- running on cocput-- IS. Svst-. n, 

-system flies 5 0 t - 5 

" * >"« —3 inror,at,,„. 

^ "'""tlon ao SU - cS1.cc prcp.r ti „ 3 u c a as 

ftl " 5 °'- 507 "•»"• i".™..... .»«.. el,,,., . f 

«.>.«, ...» a, „„„ !;Piiei:ll5 „ Jssoclit , a ulth 
°- ob -""'. 1=0, r,pr.«« s ooj.ct, or a 

CUSS "« ° f -« •«»«.. ..«.h a, t .,„. 

":«r el.„. S vst„ ril„ 60,-607 also ,„„,,,„ 

.»=u-. U„* s »,..„«, „,. nt anfl esud ^^^^ 
l^l-in. a u« Of „„.«. an < rsr9renc . ef sj=h 

. Pare,-. Tor ,a = „ oSJ . et! a Us( of ^ 
"f.r.n,. „.... or ea = n !ir , tfl . chUd ^ ebje=t; ^ 

*" iSi ' R ' ! t ' f °" m - " — •«*««. .„„„ data 

...... ru» 6o,.6o 7 M „ tl!n gen . ral 

info nation such as wh a ' <-m.< ! , 

.lies are installed in th- 

•P.r.t lBI ror eacn 0Iajjt ^ ls ln3t , Iled _ wftit 

r ., u .. tM iuto . atlo re3tapt uneo ^ |m 



restarted . 



In th. preferred embodiment of tne present invention 

Sy3teo file 6 ° 1 H referred to as HP OMF Cat 

3 OMF .CAT, system file 602 

is referred to as HPomt rrc 

HP0M. .CLS. system file 603 Is referred to 

" H ? OMF . X R F , system fll , 6o , is pef ... p . d f 

referred to as HPOMF.PRp, 

3y3tS0 rn « 6 °5 is referred to as H D OMF I ms „ „ „ 

n.uriF.iNS, system file 606 

i3 referred to as H»omf ?nr 

H.OMF.SDF and system file 6o7 l3 referred 
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* ' ri " 51? " «"«•>'.« »»» i» I.*.. SOC .« {8 

region 7 9 7 of wir^w " ? ; . 

In -iS-e SO. w in , 3 „ ,00 nas be ,r clc „, Jn 

region 7,7 or „ tM ,. 706, .„„ cUck ,, g , ^ ^ ^ 

I« «..r. 6,, cursor 75 , l3 use , to se;ect;on 

frSB PU ' 1 *" B r » 63, ,»,,„ 78 , Is .... 

19 " 1,!t * m r lm ... cur „ r 

751 i5 used to select selection -Pasts- rroe .„., 

.*uc pui i cown menu 

r ' !Jlt ' " St = " *• »••" «• *. ». .a.ri,, or 
•»« ..... free .„„ Sh . pt . t . lnf <1>Bl „, 5 tB 

" ? *» r '« 10 " 602 ° r «•*•« 79,. la ritap . 66 , 

"New SCsps- (oeject 750) is s-e„ n ,„ „ 

t0 hav « an additional link 
770. fr== its parent „, as . e ,. p . m) _ 

1° n.-.r. 67, re s .,„ 7,7 ... ,..„ ,.„„., . Jsl „ g 

78,. C 78, l3 tnen use, to seiect „ lsetlon „ Cut . 

Th ' « «.n In „„„ „, ls 

». -r..r 7.. is to ..,.„ ,. lectlo „ . pa3te . ^ ^ 

<•»» ««. 7 83 . Th . r „ ult> Jhov „ ln Fls _ To> tj 

Sha ""' '"«•« t. by cursor 78,, lB Flsur . „, 
"K.w Snap, (ooject 750, i, ,,,»„ t0 nou „, , c „ lla ^ 
NewWave Office (..,.« , 00) , tllr0<1! „ , ^ ^ 

I" Figure 7J, 0MF ,00 1, ,„ou„ t0 c , nt . ln 5eve „ Jy3te „ 

'"••= >y.t.. rue 60,, .„,.. r;i, <0I , .„«.. m . 603, 

•»«•» fUe 60., rile 605, .,„.. fu , 606 , Bj 

file 607. 0Kt lnte rr.ce 599 ,.rv„ as interface of 0MF t: 



3 y 3 t ea 
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8lCbaI ° iJ?Ctl 13 2 of glotal object. Althoug , 

FigUre ?U S ^'-' S eal * 3i * ^Jec;s, the number of 

Siobal objects operating on a 3y3 ; sa 1S a EatteP of systei 
configuration. Any object in the system can refer t0 a 
Slotal object by\ using the reference Qf ^ ^ fc 

that global object froa the global parent. 

A3 may be seen fr= = r ig . re 73( fUe recorda . n 

H P 0 M F . CAT are numbered consecutive'/ T h„. „ . 

These numbers serve 

as tags, which identify each object. 

In the Preferred e=b,di,ent of the present i„ VentiQn , 
each record is , 29 bytes i, length. The fields for flle 
record 0 are listed in Table 1 below: 



"able 1 



IFlrstFre.Entry Contains the record number of 

the first free record In 
HPOMF.CAT, or "0" if there are 
no free reco rds . 



f i 1 e r (j 

Contains the null terminated 
string "HPOMF.CAT". This serves 
as a signature. 

Version r - .. . 

Contains the file format version 
number, which also serves as a 
signature. 

lKaxRecordNumber p««*,< 

ffloer Contains the number of the 

highest record ever allocated 
from within HPOMF.CAT (this 
highest record may or may not be 
free ) . 

T.ble 2, „,lo„, cont.m, t », fi(l(ls for fil , recoraj Jn 
HP0«r.CAT for recorSs „ 1# 
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to as K ? C Mr I CO . NW£ . a rf i« 

l-S-..pt i0 , of each sy 5t e 3 file is 

no- given. 



: o a 3 



S/S: " filf 6 0 5 ' HFOMF.CAT, is also referred t 

STSCAT. HP0MF.CA7 is a catalog of all tx , at . 

« - * w n e existing object 

in lri! „. tB ,.,„„ 7; , H?c , r . C(T is jhcwn . 3 5 / 

In Figure 73. file record 0 throu** rsi. 

although HPOf-F.CAT oay eon"a<n 

y COn - a - n =«ny <n = re file records than 

sre shown in F;su-» 7"? r , - 

-5-. - 73. n.e record 0 i9 » header which 

contains v aP io- JS sig, atu .-e S ard i s u ,., tft 

use - t0 manage a list of 

free file records a 

» !■«»>.».-. lS 50 „. „„.,„„ valje uh , ch i 

"""" '•«•"•• *"* »• 1» «« ..„.,»... ril . 

r.,. ra , thrs , s , fll . r . Mr< 8i:iUanM re = oras 

(not shown) either d a r • « • * ~ 

efinC 3n ex ^tir.g object, or are Tree. 

In the preferred ezcodii-n: H=0M~ "it 

' M - QM - - -AT can grow dynaaicj" y 

>, .or. rll . recoras are „ e9deii 

file r,c„, : , , o6 , ei; cauei 

•lo>.l P.r.nt. T h « 8l05al par!nt , for . dlffir#>t 

ev.ry . t ». r ot>Je „, My ^ ^ ^ 

7 " *- «»«.•• Mr.« to ... Mr . at 

••' Ho».! object „ 0 throus , u „ k J60i o6j ^ t 

ei.b.i o bJeota J50 . 255 , re 3ljo u;th . n Hp0HFC4T> eacft 

.bj.c, , 5 o- 255 .„ 6e . Pir , ne of „. or aore ohj>et> 

1« HPOMf.C.T. Ea o„ oCJect lB HFOMF.CAT w hi o not , 
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- ^ a atP . u wlRdow 7 9 7 rtsult , in fche wi ^ n 

""""" ( ° bJeCt 7 0 5 ^— — - 00a3tar to 

AS — r.»l:i..c h . Bi . both in * 

d * 3Pi3/!d ln Window 796 ani data dl 3p i ayecr ln r , , 

in region 7 95 of 

window 79 i , 

OHP ....«.„„. a „ oelatea Bith ^ ^ 

identification nutbsr. th . „. 

I- the parent object of any of the 

i» not active, 0 MF ,00 ,et 3 the bit 
VS_NEW'DATAANNOUNCtD , r that llBk in HP0MF . XRp . ^ ^ 

— i« h( pa _ t _ 

request th. new data. 

I' t h . P-ent object i 3 actlve , 0Mr ,„ ^ ^ ^ 

to the pa-ent eject 3ay i ng that new data l3 
available . 0MF 100 win 

win identify to the parent object the 

reference name of , t , * 

of th, llnk for urtlcft there ^ ldiltlonji 

<»«• T„. ,. P . ne 0SJ .„ ..„„, 4 „„ ji8e to lh . .„ ^ . 

- » «.t. ... „«„ dJt4 nspU: , ea _ rn th# prjjsnt tjjj 

1- Jfuptfter 

1«>crlp t i 0 „ of tB. v.,„ Sp.clflc.tl.n, , , 

^^cications are found In 

Appendixes B , c and 0 . 

t... or the pre.ent invention l 3 that parert 

"7i. m . t0 coraBunicate wlthchildobJect ' 
— * 0HF 100 , wlthout pap . Rt 7c?orchiid ^ 
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706 knewi r.g the ldentt»v -> r a - ., 

la.ntl.y or an/ other d.titij about each 

other. The parent object identif.a th# n l. 

Cne lln * using only the 

referer.ee nan of the 'irk Tip ^ < i * 

* iae ohlld ob Ject identifies the 

link using Just the d a t a i d er.t i f L ca t , on nuaber Qf ^ 
OHP ,00 doe, al! th . translation and ld-ntl f Qf 
licks a „ d wnich objects irt Involved. 

sy.t.. rn. 6o«, hpoff.prp, i, al30 r ,„ rrt4 „ >a 

"SMOP. HPOMP.P.P eoctsln, , u o6Jjct im eiijj 

Properties except fcr t t , r a3 t object properties „„, c „ „. 

contained in HPOMP a* r»„.. . 

nroM. .CA t . Each record in system file 601 

(H ? 0KF. CAT} and Jyjtf> file (HpoMFCLs) ^ ppoptpttta 

field, as descried above. Each properties field contains 
the fields described in Table 6 below: 



DiTDi slcL 



nProps 



oc 



Pool Si ze 



Table 6 

Contains the position (byte 
offset) within HPOMF.PRP of the 
property list directory. 

Contains the number of 
properties in the property list. 
This is the number of entries In 
the directory entry array 
described below. 

Contains the combined length of 
all the names of the properties 
In the property list, including 
a null-terminating byte for each 
name. This i 3 the size of the 
directory name pool described 
below. 



F " ob J«««« ror each class, at the DirDisHoc 

Position in th . HPOHr.PRP fil . la th . pr(Jptpty d , rectory ^ 
object OP that claS3 . Th> dlrec:opy ^ majQr 



/ 
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Pcr-.ior.s: the entry array, followed by the na 

y cne na <»e Pool . The 

entry array h as cn , ent - 

en„.y for each property i n tha 

u / in t.ie proper 1 " 

E '"' 6 entr " f ""« »< <■»» i« T..I. 7 belou; 

Table 7 



113 



ValueLen 



ValueOlakLoc 



CacheOf f at! 



Speclflea the length in byte 3 0 
the associated property rJ 
can be ze ro . P«<*ty. T hl 3 

Contains the oft«if< 

hpohp.p RP or iii l iit:^ t i 

associated property. t? 
ValueLen la :ero, thi 3 i3 also 

3 0 r r°:/ nd there ls no 

stored anywhere. 



T P0 "" 0 " °' HPW ' ? " "-•"» - — ..... 

" try Jrray - Pr °>— »> tltl „ 

user coaaenta. d a »* ... ' 

> ca-e and time of creaMon 

'"• lon i the user who 

seated the object, etc 

. etc. For more Information on 

Properties 3te Appendix D . 

»-r. PRPgrow3dynaalcaiiya3need> ^ 

"~ -re l 3al28 byte ^^^^ ccntrfli9 J 

- tn. flr.t ,o„ page, of HP0„F. PRP . Each pagft 
3 3* bxt.. 1B length . The3e pagfi3 iBBedlately foiiow ^ 

Significant bit e * « a ^k 

wit c fc each word ua#d nr.*. 

usea rirst. Thus, bits 15 

through Oof the r* ~. * 

the fiP9t worc! of the bitBap cQntpoi ^ 

^location of pag e 3 0 through 15 of the Mi. 

ui Lne rile, respectively. 



/ 
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When stora ge m the fir 3t i 0 2 < pages is insufficient, a 
aecond bU»ap is added to the r U e following pa g e 1 02 3 . 
This bitmap control, the allocation of pages , 02 « through 
20*7, which immediately follow the second bitmap. 
Additional bltiaps and pages are added in the same way, as 



needed . 



Each directory and property value ia st0red 4 , , 3lngle 
bloc* in the file, i.e., as a contiguous run of page, that 
are all allocated In the same blta.p. T hl 3 causes the 
restriction that no directory or value can exceed 3 2K bytes 
( times 32) in length . 

System file 605, HPOKF.IMS, la also rererred t0 „ 
SrsiNSTL. HPOKF.IMS. contains a list of the files that were 
copied to the system when each class was Installed. Thi, 
iRforaation is used so that these files can be deleted when 
the class is d e- t na ta 1 1 ed . 

The very beginning of HPOKF.IMS Is a double word value 
which serves as a va 1 1 di t y / v e r s t on identifier. In the 
preferred embodiment the value of this double word must be 
010USC0 hex to be valid. I„ Table 8, this nua>ber is stored 
as shown because of the protocols for storage in the 
particular processor used by the preferred eabodiaent, i.e. 
an 80286 microprocessor made by Intel Corporation. 

Following the do . JOle wopd cooe9 a aerie3 Qf varlabie 

length records. There is one record for each Installed 
class. The first word of each record is the length of the 
rest of the record, in bytes. This is followed by the null- 
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terminate* c'ajs p. a -. 

* ajs na = « or the i ns -a' „ , 
f- 3 -^le. cla 33 . T , en roUou3 

file najes of t*e fii„ 

t-t file, copied to the OMF director*,, 

e3Ch ter » in »t« by a null bvte 

->« length or the file na=e , lnel 

and the nuM ► length byte 

" e nul1 terainator. if tne , 

special character * • » 

th », ' 13 a33UBed t0 be loe.t.d in 

thC H ^WPR0G directory. If tne fn 

fecial eh bCSln3 " lth th. 

special character ^w. «> . , 

ire-cory 663 and "yy» to fh- 

HPKWDATA directory n 

y ' Cla33 " CDE " C.us.d , f ile to bft 

instated: "XXX" to H P N VP R or h • 

— • ..... sh0 668 ' =lv " tn " 



Table 8 

offset content 
? CD AB 0! 01 F< , C0 » 3e «t 3 

. 0C 00 , e h «ader/ver 3 ion check 

Length of AB record ( 12 
6 4l ^ 0Q decimal) 

9 OH *B" * Mull 

Length of length byte ". 2 

! 2A 5 A 00 ""i 1 

D 05 2 * MuU . 

Le M n u f h <»' length byte ♦ 

28 59 59 00 - YV Y 

12 OA 00 * rY * ""11 

Length of CDE record ( 10 
1U <*3 *J1 Us on decimal) 

13 eg " 5 00 "CDE" ♦ Mull 

Length of length byte * -»X3tX» 
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System File 6 05 , KPOMF.SDF Is also referred to as the 
"shutdown file". .HPCMF.SDF exists only when the system has 
been cleanly shut down. 1 1 is deleted as the syste<= starts, 
and created as it shuts down. On startup, if this tile is 
missing, OH" assumes that the last session ended abnormally, 
and so it goes through its crash recovery procedures to 
validate and repair the system files as best It can. The 
system files can be in an invalid but predictable state on a 
crash. These errors are corrected without user 
intervener. . Certain other kinds or file consistency 
errors are detected, but are not really possible from an 
"ordinary" system crash. These errors are in general not 
correctable and the 0 MF will not allow the system to come up 
in this case. 

If H ? OH? . 5 DF is preser.t, it contains a list of objects. 
When the system is being shut down normally, each object 
which is active at the time can request that the OMF restart 
them when the system is restarted. The list of objects, 
then is the list of tags of objects which have requested 
that they be restarted when the system is restarted. 

The first word In HP OMF . S DF is a flag word. If this 
word is non-rero, OHF will execute its cr*sh recovery code 
ever, though HPOMF.SDF exists. Normal shutdown will set this 
riag when producing the file If some serious error occurred 
in the session feeing ended. 

After the first word, the rest of the file is a 
sequence cf three byte records. The first two bytes of each 
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record contain the tag of the object to be restored. The 
least signxficant byte is first. The third byte l9 not U3e 
in the preferred embodiment, and is zero. 

For example, if the system is shut down cleanly in th 
last session and two objects, having tags of 2 and 7, 
respectively, have requested restart, the content, of 
HPOMF.SDF will be as set out in Table 9 below. 

Table 9 

offset content comments 

0 r r e d d Cate3 "° Cra3h r * coy * r y 

J 00 °° j/* ° f flr3t ° bJect t0 restart 

°" Unused and reserved 

7 a ' °° Ta « of "cor.d object to resta^ 

UL Unused and reserved 

System file 7, HP OMF I CO . N we , la a Microsoft Windows 
dynamic library executable file which contains a du B «y entry 
pent and no data. Microsoft Windows is a program sold by 
Microsoft Corporation, having a business address at 16011 N E 
36th Way, Sedmond, WA 98073-9717. HPCMPIC0. MWE also 
contains a, "resources" the icons of each installed class. 
OMF modifies HP0MFIC0.MWE dl r.ctl y during run time, and 
loads and unloads it to get the icon resources from it. The 
format of HPOMFIC0.NWE i3 defined in Microsoft Windows 
documentation distributed by Microsoft Corporation. 

Normally working with a view (see discussion on view, 
above) causes a child-s application to be invoked. Where 
large applications are involved, this can cause a lot of 
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unnecessary overhead. 7 he use _ „ 

" °' "•Pshota allow this 

overhead to be elid-ated. 

A snapshot la an object tha> u«.. 

.e-t that uses executable code from 

a separate library referred to as a dynamic a 

a aynamlc access library 

(or DAL) rather than using the full application 

^pacacion executable 

code. The only da^a rn. 

P».»t T„. coo. , U|> ,„ cap3ulat „ ditj fii> 

m director, HP OMFP BOC (am.ctory 668). 

For example, F'sur* «i 

gUPe 81 Shou » 3 P--«t object 501 i lnked 
to a chil<; object «;n? *h~~ 

5 2 tB 0,,8S 1 U " k 50.. A„ocl.t. 4 ,1th 

— — S .3. 0 «. , MM oaJect aesuaatei 

— -3 JB . , !su , peclflcstl0 „ _ ra iiBk ^ 

snapshot 503 i 3 a to • * « ~ 

to pro.14. „ t , fro „ cMla o6ject 

'"" t " iM „ ltll CMla 06Ject 

- «... l.ri f „. „. u , e „ tn .r« lsno 

however, snapshot 503 1. .w 

«J... 5 0, ulthout ...„, llfof =Btid 

«••" i. i.p..«i, s. ,„,„„,, e ln< lp(tMiji o _ 

•»«'». « i> . U,t or ..J.r „ t , .tr.ot.r,. „ ltBln 

OMF IOC. 
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